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Introduction 

Our  goals  were  to  develop  methods  for  the  induction  of  a  large  number  of  ductal  carcinoma 
in  situ  (DCIS)  and  lobular  carcinoma  in  situ  (LCIS)  lesions  with  different  phenotypes,  be 
able  to  detect  the  lesions  in  situ  and  characterize  the  lesions  as  to  their  cancerous  potential, 
hormone  dependence  or  independence,  and  genetic  changes.  DCIS  and  LCIS  are 
intraductal  and  intralobular  hyperplasias.  Proliferation  of  these  cells  is  a  prerequisite  to 
carcinoma.  However,  intraductal  proliferation  with  the  exception  of  the  terminal  end  bud 
occurring  in  peripubertal  rats  is  extremely  rare  and  has  not  been  found  in  the  terminal 
ductal  structures  during  development  or  under  experimental  conditions.  Our  laboratory  has 
made  the  novel  finding  that  treatment  of  rats  by  infusing  the  mammary  ducts  with  a 
combination  of  epidermal  growth  factor,  cortisol,  and  cholera  toxin  causes  extensive 
intraductal  proliferation  in  the  terminal  ducts  with  a  proliferation  labeling  index  as  high  as 
75%  (1,2).  Keratinocyte  growth  factor  (KGF)  is  a  member  of  the  fibroblast  growth  factor 
family  (FGF  7)  that  is  secreted  by  stromal  cells  and  acts  on  epithelial  cells.  Treatment  of 
intact  rats  with  KGF  causes  massive  intraductal  hyperplasias  (3).  KGF  can  cause  ductal 
growth  and  intraductal  hyperplasias  in  ovariectomized  mice.  Concomitant  treatment  with 
estradiol  and  progesterone  plus  KGF  increases  intraductal  hyperplasias().  The  intraductal 
hyperplasias  regress  after  withdrawal  of  the  mitogenic  stimulus.  We  thought  that  it  would 
be  possible  to  induce  intraductal/intraalveolar  hyperplasias  by  a  variety  of  means  and  then 
treat  with  different  chemical  carcinogens  to  cause  a  large  number  of  immortalized 
transfonned  phenotypes  resembling  DCIS  and  LCIS  (4,5).  These  unique  mitogens  that 
cause  intraductal  proliferation  have  not  been  used,  to  our  knowledge,  in  combination  with 
ductal  or  alveolar  mitogens  in  attempts  to  develop  DCIS  and  LCIS.  We  believe  that  these 
treatments  should  result  in  an  expanded  pool  of  target  cells  for  DCIS  and  LCIS  which  can 
then  be  transformed  to  preneoplastic  and  neoplastic  states  with  well  known  mammary 
carcinogens  such  as  N-methyl-N-nitrosourea  (4),  N-ethyl-nitrosourea, 
dimethylbenz(a)anthracene,  or  radiation. 


Body 

Ductal  carcinoma  in  situ  (DCIS)  and  lobular  carcinoma  in  situ  (LCIS)  of  the  breast  are 
proliferations  of  potentially  premalignant  or  malignant  breast  epithelial  cells  within  the 
ducts  or  lobules  without  invasion  into  the  surrounding  stroma  (1-3).  The  detection  rate  has 
increased  by  over  500%  in  recent  years  due  to  the  introduction  of  high-resolution 
mammography  (1-3).  Patients  diagnosed  with  DCIS  or  LCIS  have  an  increased  risk  for 
subsequent  development  of  invasive  breast  cancer.  Most  patients  diagnosed  with  DCIS 
have  no  symptoms  and  no  palpable  lesions.  DCIS  is  classified  into  five  histopathological 
subtypes:  papillary,  micropapillary,  cribriform,  solid,  and  comedo  (1-3). 

The  comedo  subtype  is  associated  with  high  nuclear  grade,  aneuploidy,  high  proliferation 
rate,  HER2/neu  gene  amplification  or  overexpression,  and  a  clinically  more  aggressive 
behavior.  The  histopathological  classification  is  made  complex  because  the  different 
subtypes  may  contain  elements  of  other  subtypes  and  high  nuclear  grade  can  be  found  in 
any  of  the  subtypes  and  there  is  no  single  unified  classification.  DCIS  and  LCIS  do  not 
fully  express  the  malignant  phenotype,  as  at  presentation  they  lack  the  ability  to  invade  and 
metastasize.  It  is  of  major  importance  to  identify  and  understand  why  some  in  situ  lesions 
progress  to  a  malignant  state  and  others  do  not  (1,2). 
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A  thorough  understanding  of  the  factors  that  influence  the  progression  to  malignancy  of 
DCIS  and  LCIS  is  needed.  However,  the  necessary  experimental  studies  to  sequentially 
follow  the  progression  of  a  lesion  with  its  accompanying  phenotypic  and  genotypic 
changes  cannot  be  performed  in  humans.  Additionally,  surgical  samples  of  human  DCIS 
are  difficult  to  obtain  for  xenograft  studies  in  nude  mice. 

Significant  similarities  can  be  found  between  breast  cancers  in  humans  and  rats.  Human 
and  rat  cancers  are  thought  to  originate  in  the  terminal  ductal  structures  (4,5),  cancers  can 
be  hormone  dependent  or  independent  (6),  and  a  full  term  pregnancy  provides  protection 
from  breast  cancer  in  humans  and  carcinogen  induced  breast  cancer  in  rats  (7). 
Additionally,  the  rat  experimental  system  has  been  used  as  model  for  the  development  of 
tamoxifen  treatments  currently  used  in  humans  (8). 

A  human  xenograft  model  for  DCIS  is  available  for  studies.  It  is  based  on  a  premalignant 
variant  of  the  MCF  10  human  breast  cell  line  (9).  Upon  transplantation  into  nude  mice  it 
produces  a  mass  that  has  the  morphology  of  a  comedo  DCIS  and  after  several  weeks  it 
becomes  invasive.  This  model  has  potential  for  studying  the  progression  of  DCIS  to 
malignancy  but  it  only  represents  a  single  lesion. 

Transgenic  mice  have  been  produced  that  are  models  for  DCIS.  The  WAP  promoter  linked 
to  SV40  large  T  antigen  (10)  and  a  component  of  rat  prostate  steroid  binding  protein 
linked  to  SV40  large  T  antigen  (11)  have  been  used  to  target  the  mammary  epithelial  cells. 
The  mice  develop  ductal  atypia,  DCIS,  and  in  time  infiltrating  ductal  carcinoma.  All  of  the 
carcinomas  have  been  found  to  be  honnone  independent.  The  hormone  dependence  of  the 
DCIS  and  carcinomas  was  not  described. 

Intraductal  proliferations,  DCIS,  LCIS,  and  carcinomas  can  be  induced  in  rats  by 
carcinogen  treatment  (5,12).  It  is  hypothesized  that  there  is  a  stepwise  progression  of  these 
lesions  through  these  morphological  stages  but  it  has  been  difficult  to  directly  study  these 
progressions.  Genes  involved  in  cell  cycle  control  including  cyclins,  cyclin-dependent 
kinases  and  cyclin-dependent  kinase  inhibitors  are  altered  in  the  immortalized  ducts  and 
early  alveolar  hyperplasias  in  the  mouse  (13).  There  is  an  increase  in  MAP  kinase 
associated  with  cancer  progression  in  ovariectomized  rats  (14).  It  has  been  demonstrated  in 
C3(1)/SV40  large  T  antigen  (TAg)  transgenic  mice  that  bax  is  a  critical  suppressor  of 
mammary  cancer  progression  at  the  stage  of  preneoplastic  mammary  lesion  development 
through  the  upregulation  of  apoptosis,  but  this  protective  effect  is  lost  during  the  transition 
from  preneoplasia  to  invasive  carcinoma(15).  Transplantation  studies  of  lesions  have 
provided  evidence  that  carcinomas  can  arise  from  lobular  or  ductal  lesions  however;  there 
is  disagreement  as  to  which  lesions  are  the  main  preneoplastic  lesions  in  the  rat  (5,16-18). 
The  difficulty  in  studying  these  lesions  is  that  there  are  few  lesions  after  carcinogen 
treatment,  the  lesions  can  be  in  any  one  of  twelve  mammary  glands,  the  lesions  are 
extremely  small  and  difficult  to  find  in  situ,  and  there  has  been  an  inability  to  expand  the 
lesions  in  vivo  to  determine  their  neoplastic  potential  and  hormone  dependency. 

We  hypothesized  that  lesions  with  different  phenotypes  could  be  induced  by  varying  the 
mammogenic  mitogen  around  the  time  of  initiation  with  a  carcinogen.  We  have  previously 
demonstrated  in  vitro  and  in  vivo  in  mice  and  rats  that  the  mitogenic  environment  around 
the  time  of  carcinogen  exposure  determines  the  phenotype  and  genotype  of  the  resultant 
mammary  cancers  (19-21). 

Our  goals  were  to  develop  methods  for  the  induction  of  a  large  number  of  DCIS  and 
LCIS  lesions  with  different  phenotypes,  be  able  to  detect  the  lesions  in  situ  and  characterize 
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the  lesions  as  to  their  cancerous  potential  and  hormone  dependence  or  independence.  We 
believed  that  these  goals  were  attainable  in  view  of  our  previous  studies  (2 1 ,22)  and  studies 
from  other  laboratories  (23).  DCIS  and  LCIS  are  intraductal  and  intralobular  hyperplasias. 
Proliferation  of  these  cells  is  a  prerequisite  to  carcinoma.  However,  intraductal 
proliferation  with  the  exception  of  the  terminal  end  bud  occurring  in  peripubertal  rats  is 
extremely  rare  and  has  not  been  found  in  the  terminal  ductal  structures  during  development 
or  under  experimental  conditions.  We  have  made  the  novel  finding  that  treatment  of  rats 
by  infusing  the  mammary  ducts  with  a  combination  of  epidermal  growth  factor  (EGF), 
cortisol,  and  cholera  toxin  (CT)  causes  extensive  intraductal  proliferation  in  the  tenninal 
ducts  with  a  proliferation  labeling  index  as  high  as  75%  (22).  Keratinocyte  growth  factor 
(KGF)  is  a  member  of  the  fibroblast  growth  factor  family  (FGF  7)  that  is  secreted  by 
stromal  cells  and  acts  on  epithelial  cells.  Treatment  of  intact  rats  with  KGF  causes  massive 
intraductal  hyperplasias  (24).  KGF  can  cause  ductal  growth  and  intraductal  hyperplasias  in 
ovariectomized  mice.  Concomitant  treatment  with  estradiol  and  progesterone  plus  KGF 
increases  intraductal  hyperplasiasa  (25).  The  intraductal  hyperplasias  regress  after 
withdrawal  of  the  mitogenic  stimulus.  We  thought  that  it  would  be  possible  to  induce 
intraductal/intralobular  hyperplasias  by  a  variety  of  means  and  then  treat  with  different 
chemical  carcinogens  to  cause  a  large  number  of  immortalized  transformed  phenotypes 
resembling  DCIS  and  LCIS.  These  unique  mitogens  that  cause  intraductal  proliferation 
have  not  been  used,  to  our  knowledge,  in  combination  with  ductal  or  alveolar  mitogens  in 
attempts  to  develop  DCIS  and  LCIS.  We  believed  that  these  treatments  would  result  in  an 
expanded  pool  of  target  cells  for  DCIS  and  LCIS  which  could  then  be  transfonned  to 
preneoplastic  and  neoplastic  states  with  well  known  mammary  carcinogens  such  as  N- 
methyl-N-nitrosourea  or  N-ethyl-nitrosourea. 

Our  experimental  objectives  were  to  develop  methods  for  the  induction  of  intraductal 
and  intralobular  proliferation  using  combinations  of  mammogenic  hormones,  growth 
factors,  and  CT.  Methods  were  attempted  to  better  visualize  hyperplastic  areas  in  situ  by 
using  systemic  trypan  blue  injection  or  intraductal  infusion  of  the  dye.  The  best  methods 
were  selected  for  induction  of  intraductal  proliferation  and  intralobular  proliferation,  the 
rats  were  treated  with  N-methyl-N-nitrosourea  (MNU)  in  attempts  to  immortalize  and 
transform  the  proliferations  to  a  preneoplastic  state.  MNU  was  the  carcinogen  of  choice 
because  it  is  a  highly  efficient  mammary  carcinogen  in  the  rat,  has  low  toxicity,  and  has  a 
very  short  half-life  at  physiological  pH  so  that  their  effect  occurs  within  a  defined  short 
period  of  time  (26,27).  Selected  lesions  were  to  be  transplanted  to  the  gland  free  mammary 
fat  pads  of  syngeneic  female  hosts  to  detennine  their  neoplastic  potential  and  whether  they 
continue  to  proliferate  or  not  following  ovariectomy  of  the  host.  Microarray  was  to  be  done 
to  identify  differentially  expressed  genes  in  the  preneoplastic  lesions  with  differing 
neoplastic  potential. 

Our  specific  aims  were: 

Specific  Aim  1 .  Development  of  methods  for  the  induction  of  DCIS  and  LCIS  in  inbred 
Lewis  rats  (months  1-12). 

a)  intralobular  hyperplasia  (3  rats/treatment). 

b)  Quantitate  proliferation  by  immunocytochemistry  and  confirm  intraductal  or 
intralobular  hyperplasia  by  histology. 

c)  Transform  treatment  induced  hyperplasia  by  administration  of  MNU  (5  rats/grroup) 
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d)  Transplant  transformed  lesions  to  gland-free  fat  pads  of  host  rats  and  determine  the 
morphology  of  the  outgrowths. 

Specific  Aim  2.  Characterization  of  lesions  as  to  their  neoplastic  potential  and  hormone 
dependency  (months  12-36) 

a)  Select  lesions  for  expansion  by  serial  transplantation  based  on  their  ability  to 
proliferate  and  their  neoplastic  potential  (5  rats/group). 

b)  Characterize  resultant  outgrowths  and  cancers  as  their  ovarian  hormone  dependence. 

Specific  Aim  3.  Identification  of  biomarkers  to  distinguish  between  DCIS/LCIS  with  or 
without  neoplastic  potential  (months  18-36). 

a)  Identify  differentially  expressed  genes  in  DCIS/LCIS  with  different  hormonal 
responsiveness  and  different  neoplastic  potential  by  microarray  technology. 

b)  Confirm  microarray  results  by  immunocytochemistry  or  real  time  polymerase  chain 
reaction. 

Materials  and  Methods. 

Animals.  Sprague  Dawley  rats  were  purchased  from  Charles  River  Laboratories 
(Wilmington,  MA)  and  kept  in  our  vivarium  for  1  week  before  initiation  of  the  experiment. 
Rats  were  kept  in  a  temperature  controlled  room  with  a  12  h  light  and  12  h  dark  schedule 
and  fed  Teklad  8640  (Teklad,  Madison,  WI)  and  water  ad  libitum. 

Growth  Factors  and  Hormones.  Recombinant  growth  factors  KGF,  FGFa,  IGF-1  and 
HGF  were  obtained  from  US  Biologicals  (Swampscott,  MA)  and  EGF,  bovine  growth 
honnone  (bGH)  and  prolactin  (Prl)  were  obtained  from  Sigma  (St.  Louis,  MO).  Cholera 
toxin  and  corticosterone  were  obtained  from  Sigma  (St.  Louis,  MO). 

N-methyl  N-nitrosourea  (MNU)  Injection.  N-methyl  N-nitrosourea  (MNU)  was  obtained 

from  Sigma  (St.  Louis,  MO)  and  dissolved  to  a  concentration  of  10  mg/ml  in 

0.9  %  sodium  chloride  adjusted  to  pH  5.0  which  had  been  wanned  to  50-60  °C.  At  7  weeks 

of  age  a  single  i.p. injection  of  50  mg/kg  MNU  was  given  to  each  female  Sparague  Dawley 

rat. 

Hormone  Treatment.  Capsules  were  prepared  as  previously  described  (13).  Control 
capsules  were  prepared  with  30  mg  of  microgranular  cellulose  (Sigma,  St.  Louis,  MO). 

Thirty  milligrams  of  progesterone  (P)  (Sigma,  St.  Louis,  MO)  capsules  were  packed 
without  cellulose,  and  17p-estradiol  E2  (Sigma,  St.  Louis,  MO)  capsules  were  also  mixed 
with  cellulose  to  produce  capsules  that  totaled  30  milligrams  (13,  14).  All  capsules  were 
readied  for  implantation  by  incubation  at  37  °C  overnight  in  Dulbeccos’s  Modified  Eagle’s 
Medium  (Invitrogen,  Grand  Island,  NY)  (13). 

Tumors  and  Tumor  Palpation.  Rats  were  palpated  weekly  and  length  and  width  of  tumors 
were  measured  with  calipers.  When  tumors  reached  1  cm  or  larger  they  were  removed  and 
fixed  in  phosphate  buffered  formalin  for  18-24  h  and  then  transferred  to  70%  ethanol  before 
embedding  in  paraffin  and  sectioning.  All  tumors  were  then  sectioned  at  5  pm  and  stained  with 
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hemotoxylin  and  eosin  and  the  histological  type  of  mammary  cancer  determined.  Tumors  types 
were  cribiform,  papillary  and  comedo.  Rats  were  terminated  when  their  third  mammary  tumor 
reached  1  cm  as  required  by  our  University  of  California  Animal  Care  and  Use  Committee.  All 
University  of  California  ACUC  guidelines  were  followed.  The  experiment  was  tenninated  at 
39  weeks  following  MNU  injection.  At  the  termination  of  the  experiment  all  rats  were 
necropsied  and  their  mammary  glands  removed,  fixed  in  phosphate  buffered  fonnalin  (10%), 
defatted  in  acetone  for  2  days  and  stained  with  iron  hematoxylin.  Also,  at  this  time  all 
previously  palpated  tumors  were  removed,  fixed  in  phosphate  buffered  fonnalin  (10%)  for  18- 
24h,  transfened  to  70%  ethanol,  embedded  in  paraffin  and  5  pm  sections  obtained  for  H&E 
and  ER/  PR  staining. 


Experiment  #1:  Effect  of  intraductal  infusion  of  hormones  and  growth  factors  on 
proliferation  of  the  mammary  gland  in  intact  Sprague  Dawley  rats.  Fifty  seven  female 
Sprague  Dawley  rats  were  obtained  from  Charles  River  (Wilmington,  MA)  and  at  6  weeks 
the  #3  and  #4  mammary  glands  were  injected  with  15  pi  of  growth  factors  or  honnones 
dissolved  in  PBS  (19  groups  of  3  rats  each).  One  rat  from  each  group  was  sacrificed  at  24 
hours  and  2  rats  at  72  hour  and  the  #3  and  #4  glands  were  taken  and  fixed  in  phosphate 
buffered  formalin  (10%),  defatted  in  acetone  for  2  days  and  stained  with  iron  hematoxylin 
or  alum  carmine.  For  time  line  see  Figure  1. 

Figure  1.  Effect  of  intraductal  infusion  of  hormones  and  growth  factors  on  mammary 
proliferation  in  intact  Sprague  Dawley  rats 
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Experiment  #2:  Effect  of  intraductal  infusion  of  EGF,  IGF-1,  and  FGF  on 
proliferation  of  the  mammary  gland  in  ovariectomized  Sprague  Dawley  rats.  Nine 
female  Sprague  Dawley  rats  obtained  from  Charles  River  (Wilmington,  MA)  were 
ovariectomized  at  45  days  of  age.  The  rats  were  divided  into  three  groups  of  3  rats  each  and 
one  group  was  injected  intraductally  with  15  pi  of  1  pg  of  recombinant  epidermal  growth 
factor  (EGF)  dissolved  in  PBS  into  the  left  #3  and  #4  mammary  glands  and  on  the  right 
side  with  5  pg  of  recombinant  EGF.  The  other  two  groups  of  rats  were  injected 
intraductally  either  with  recombinant  fibroblast  growth  factor  acidic  (FGF a)  or 
recombinant  insulin  like  growth  factor  one  (IGF-1)  similarly  with  1  pg  into  the  left  #3  and 
#4  mammary  glands  and  5  pg  on  the  right  #3  and  #4  mammary  glands.  One  rat  from  each 
group  was  sacrificed  at  24  hours  and  2  rats  at  72  hours  and  the  #3  and  #4  glands  were  taken 
and  fixed  in  phosphate  buffered  formalin  (10%),  defatted  in  acetone  for  2  days  and  stained 
with  iron  hematoxylin  or  alum  carmine.  For  time  line  see  Figure  2. 

Figure  2.  Effect  of  intraductal  infusion  of  EGF,  IGF-1  and  FGF  on  mammary 
proliferation  in  ovariectomized  Sparague  Dawley  rats 
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Experiment  #3:  Effect  of  growth  factor  exposure  with  pumps  followed  by  MNU 
injection  on  mammary  carcinogenesis.  From  Charles  River  131  female  Sprague  Dawley 
rats  were  obtained  at  21  days  of  age.  At  25  days  of  age  2  were  terminated,  109  were 
ovariectomized  and  20  were  left  intact.  To  check  for  complete  ovariectomy  rats  were 
smeared  for  a  week  before  initiation  of  Alzet  pump  and  hormonal  pellet  implantation.  At 
46  days  of  age,  2  intact  and  2  ovariectomized  rats  were  terminated  in  order  to  compare 
mammary  glands  prior  to  growth  factor  treatment.  Alzet  pumps  from  Alza  Corporation 
which  expressed  0.5  jLil/hr  were  used  to  deliver  10  p  of  growth  factor  a  day  for  1  week 
were  implanted  subcutaneously  into  rats  (Figure  3).  Five  days  after  pump  implants  at  51 
days  of  age  MNU  (50  mg/kg)  was  injected  i.p.  and  the  pumps  were  removed  2  days  later 
when  the  rats  were  53  days  of  age.  Also  at  53  days  of  age,  2  intact  and  2  ovariectomized 
rats  were  tenninated  in  order  to  compare  the  initial  effects  of  MNU  injection  .  The  rats 
were  palpated  and  weighed  weekly  until  the  termination  of  the  experiment  9  months  after 
MNU  injection.  All  mammary  glands  were  taken  and  fixed  in  phosphate  buffered  formalin 
(10%),  defatted  in  acetone  for  2  days  and  stained  with  iron  hematoxylin.  For  details  of 
experimental  protocol  see  Figure  3. 

Administration  of  growth  factors  with  pumps  were  an  attempt  to  induce  hormone 
dependent  and  honnone  independent  mammary  tumors  using  different  growth  factors. 
Different  Experiment  Groups.  Sprague  Dawley  rats  (groups  II-VII)  were  ovariectomized 
at  25  days  of  age.  Pumps  were  implanted  at  46  days  of  age  into  intact  and  ovariectomized 
rats.  Five  days  after  pump  implants  at  5 1  days  of  age,  rats  were  injected  i.p.  with  MNU  (50 
mg/kg)  and  the  pumps  removed  2  days  later  when  the  rats  were  53  days  of  age.  Upon 
removal  of  the  pumps  at  53  days  of  age,  silastic  capsules  containing  various  steroids  were 
implanted  and  were  exchanged  every  60  days  until  the  termination  of  the  experiment  9 
months  after  MNU  injection.  On  days  25,  46  and  53  of  age  rats  from  each  different  group 
were  also  tenninated  and  mammary  glands  removed  to  determine  the  initial  conditions  of 
the  mammary  gland. 
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Figure  3. 

Termination  Schedule  of  All  Treatment  Groups.  Rats  in  the  3rd  and  4th  terminations 


had  been  injected  with  MNU. 


1st  Term 

2nd  Term 

Groups 

25  days 

46  days 

1 .  Intact  (no 
pump) 

2(20) 

2(18) 

2.  OVEX  (no 
pump) 

(a)  empty 
pellets 

(b)  30  mg  P 

0(19) 

2(17) 

3.  OVEX  +  EGF 
(pump) 

(a)  20  pg  E 

(b)  20  pg  E  + 

30  mg  P 

0(18) 

0(18) 

4.  OVEX  +  IGFi 
(pump) 

(a)  20  pg  E 

(b)  20  pg  E  + 
30  mg  P 

0(18) 

0(18) 

5.  OVEX  +  OV 

Tr  (no  pump) 

(a)  20  pg  E 

(b)  20  pg  E  + 
30  mg  P 

0(18) 

0(18) 

6.  OVEX  +  EGF 
(pump) 

(a)  20  pg  E 

(b)  20  pg  E  + 

30  mg  P 

0(18) 

0(18) 

7.  OVEX  +  IGFi 

0(18) 

0(18) 

(pump) 

(a)  20  pg  E 

(b)  20  pg  E  + 

30  mg  P 


3rd  Term 

4th  Term 

53  days 

11  months 

2(16) 

16 

=  22 

2(15) 

15 

=  19 

(a)  8 

(a)  8 

(b)  7 

(b)  7 

2(16) 

16 

=  18 

(a)  8 

(a)  8 

(b)  8 

(b)  8 

2(16) 

16 

=  18 

(a)  8 

(a)  8 

(b)  8 

(b)  8 

0(18) 

18 

=  18 

(a)  9 

(a)  9 

(b)  9 

(b)  9 

2(16) 

16 

=  18 

(a)  8 

(a)  8 

(b)  8 

(b)  8 

2(16) 

16 

=  18 

(a)  8 

(a)  8 

(b)  8 

(b)  8 
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Results 


Experiment  #1:  Effect  of  Intraductal  Infusion  of  Hormones  and  Growth  Factors  on 
Proliferation  of  the  Mammary  Gland.  Seven  week  old  Sprague  Dawley  rats  (nineteen 
groups  of  3  rats  each)  were  injected  intraductally  through  the  nipple  into  the  #3  and  #4 
mammary  glands  with  15  pi  of  material  dissolved  in  PBS.  One  rat  per  group  was  sacrificed 
at  24  h  and  the  2  remaining  rats  per  groups  at  72  h.  At  tennination  their  mammary  glands 
were  removed,  fixed  in  phosphate  buffered  formalin  overnight,  defatted  with  acetone  and 
stained  either  with  alum  cannine  or  iron  hematoxylin.  The  glands  were  then 
microscopically  examined  for  the  presence  of  end  buds  (EB),  lobuloalveolar  ductal 
structures  (LAD)  and  intraductal  proliferations  (IDP)  and  photographed,  and  areas  which 
showed  IDPs  were  histologically  confirmed  by  cutting  out,  embedding  and  staining  with 
H&E.  All  19  groups  were  subjectively  scored  for  presence  of  EB,  LAD,  and  IDP.  See 
Table  1. 

Table  1. 


24  F 

[R 

72  E 

[R 

Group 

Treatment  (per  1 5  pi) 

EB 

LAD 

IDP 

EB 

LAD 

IDP 

1 

PBS 

- 

- 

- 

+ 

+ 

- 

2 

CT(lng) 

+ 

++ 

- 

+ 

++ 

- 

3 

CT(10ng) 

+ 

+++ 

- 

+ 

+++ 

- 

4 

CT  (100  ng) 

+ 

+++ 

- 

+ 

+++ 

- 

5 

EGF  (100  ng) 

+ 

++ 

+ 

+ 

++ 

- 

6 

EGF  ( 1  pg) 

+ 

++ 

+ 

+ 

++ 

+ 

7 

EGF  (5  pg) 

++ 

+ 

+ 

++ 

++ 

+ 

8 

FGFa 

+ 

++ 

+ 

+ 

+++ 

+ 

9 

FGFa 

+ 

+++ 

+ 

+ 

+++ 

+ 

10 

Heregulin  (100  ng) 

+ 

++ 

+ 

+ 

++ 

+ 

11 

Heregulin  ( 1  pg) 

+ 

++ 

+ 

+ 

++ 

+ 

12 

IGF-1  (1  pg) 

+ 

++ 

- 

+ 

++ 

- 

13 

IGF-1  (5  pg) 

+ 

++ 

- 

+ 

++ 

- 

14 

KGF  (100  ng) 

+ 

+ 

- 

+ 

++ 

+ 

15 

KGF  (400  ng) 

+ 

+ 

- 

+ 

++ 

+ 

16 

E  (10  ng) 

+ 

+ 

- 

+ 

+ 

- 

17 

E  +  P  (10  ng  +  5  pg) 

+ 

+ 

- 

+ 

+ 

- 

18 

bGH  (5  pg) 

+ 

++ 

- 

+ 

+ 

- 

19 

PRL  (5  pg) 

+ 

++ 

- 

+ 

+ 

- 

Only  the  infusion  of  the  growth  factors  EGF,  FGF,  heregulin,  and  KGF  induced  intraductal 
proliferations  in  intact  rats.  The  infusion  of  the  hormones,  E,  P,  bGH,  and  Prl  resulted  in 
the  stimulation  of  the  proliferation  of  end  buds,  and  lobuloalveolar-ductal  structures. 
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Experiment  #2:  Effect  of  Intraductal  Infusion  of  EGF,  IGF-1  and  FGF  on 
Proliferation  of  the  Mammary  Gland.  Nine  female  Sprague  Dawley  rats  obtained  from 
Charles  River  (Wilmington,  MA)  were  ovariectomized  at  45  days  of  age.  The  rats  were 
divided  into  three  groups  of  3  rats  each  and  one  group  was  injected  intraductally  with  15  pi 
of  1  pg  of  epidermal  growth  factor  (EGF)  dissolved  in  PBS  into  the  left  #3  and  #4 
mammary  glands  and  on  the  right  side  with  5  pg  of  recombinant  EGF.  The  other  two 
groups  of  rats  were  injected  intraductally  either  with  recombinant  fibroblast  growth  factor 
acidic  (FGF a)  or  recombinant  insulin  like  growth  factor  one  (IGF-1)  similarly  with  1  pg 
into  the  left  #3  and  #4  mammary  glands  and  5  pg  on  the  right  #3  and  #4  mammary  glands. 
One  rat  from  each  group  was  sacrificed  at  24  hours  and  2  rats  at  72  hour  and  the  #3  and  #4 
glands  were  taken  and  fixed  in  phosphate  buffered  formalin  (10%),  defatted  in  acetone  for 
2  days  and  stained  with  iron  hematoxylin.  The  glands  were  examined  for  the  presence  of 
EB,  LAD,  and  IDP  and  subjectively  scored.  See  Table  2. 


Table  2. 


24  E 

1R 

72  E 

1R 

Group 

Treatment  (per  15  pi) 

EB 

LAD 

IDP 

EB 

LAD 

IDP 

1 

1 pg  EGF 

+ 

+ 

- 

+ 

- 

5  pg  EGF 

+ 

+ 

- 

+ 

+ 

- 

2 

1  pg  FGFa 

+ 

+ 

- 

+ 

- 

5  pg  FGFa 

+ 

+ 

- 

+ 

+ 

- 

3 

1  pg  IGF-1 

- 

++ 

+ 

+ 

+ 

- 

5  pg  IGF-1 

- 

++ 

+ 

+ 

+ 

- 

Summary  of  results 

Infusion  of  IGF-1  but  not  EGF  or  FGF  resulted  in  the  induction  of  intraductal 
proliferations  in  ovariectomized  rats. 


Experiment  #3:  Effect  of  Growth  Factor  Exposure  with  Pumps  followed  by  MNU 
injection  on  Mammary  Carcinogenesis.  Summary  of  incidence  of  rats  with  mammary 
tumors  over  total  rats  in  the  group  (%  of  rats  with  mammary  tumors  in  parentheses).  See 
Tables  3.  For  ER  and  PR  results  of  mammary  tumors  see  Tables  4  and  5. 
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Table  3.  Incidence  of  mammary  cancer  in  ovariectomized  in  MNU  treated  Sprague 
Dawley  rats 


Treatment 

Incidence 

Total  No.  Tumors 

Intact 

16/16(100%) 

47 

OVX,  Control 

3/29(10.3%) 

3 

OVX,  EGF 

4/30(13.3%) 

9 

OVX,  IGF-1 

6/28  (21.4%) 

9 

Approximately  six  months  after  carcinogen  treatment  100  %  of  the  intact  control  rats 
developed  mammary  cancers.  There  were  few  mammary  cancers  in  the  growth  factor 
treated  groups  either  treated  or  not  treated  with  estradiol  and  progesterone  for  promotion. 
The  mammary  cancer  incidence  was  10.3%  in  the  ovariectomized  control  rats,  13.3%  in  the 
EGF  treated  group  and  21.4%  in  the  IGF-1  treated  group  (Table  3).  Immunocytochemical 
analysis  of  the  mammary  cancers  from  the  intact  controls  determined  that  ER  and  PR  were 
highly  expressed  in  the  cancer  cells,  The  breakdown  of  the  combined  groups  are  described 
in  Table  4,  and  the  breakdown  of  all  the  various  subgroups  is  shown  in  Table  5. 

Previously,  we  have  found  that  infusion  of  growth  factors  directly  into  the  mammary  nipple 
results  in  rapid  proliferation  of  the  mammary  epithelium  in  ovariectomized  rats  and  when 
treated  with  carcinogen  up  to  75%  of  the  animals  develop  mammary  cancers. 

Summary  of  ER  and  PR  of  Mammary  Tumors.  Total  ER  or  PR  incidence  is  expressed  as 
over  total  tumors  in  group  (%  of  mammary  tumors  positive  or  negative  for  ER  and  PR  in 
parentheses).  See  Table  4. 

Table  4.  Immunocytochemistry  of  Er  and  Pr  of  intact  and  ovariectomized  Sprague 
Dawley  rats  (combined  groups). 


Treatment 

Er+  Pr+ 

Er+  Pr- 

Er-  Pr+ 

Er-  Pr- 

Intact 

38/47  (80.9%) 

3/47  (6.4%) 

4/47  (8.5%) 

2/47  (4.3%) 

OVX,  Control 

2/3  (66.7%) 

0/3  (0%) 

0/3  (0%) 

1/3  (33.3%) 

OVX,  EGF 

4/9  (44.4%) 

2/9  (22.2%) 

1/9(11.1%) 

2/9  (22.2%) 

OVX,  IGF-1 

5/9  (55.6%) 

1/9(11.1%) 

0/9  (0%) 

3/9  (33.3%) 

The  incidence  of  mammary  tumors  positive  for  both  Er  and  Pr  was  high  in  the  intact 
controls.  The  incidence  of  mammary  tumors  positive  for  both  Er  and  Pr  was  lower  in  the 
ovariectomized  rats  treated  with  EGF  or  IGF-1. 
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Comparison  ER  negative  and  PR  negative  mammary  tumors  from  intact  and 
ovariectomized  rats  over  total  tumors  (%  of  mammary  tumors  ER  and  PR  negative  in 
partentheses).  See  Table  5. 

Table  5.  Immunocytochemistry  of  Er  and  Pr  of  intact  and  ovariectomized  Sprague 
Dawley  rats. 


Group 

Treatment 

Er+  Pr+ 

Er+  Pr- 

Er-  Pr+ 

Er-  Pr- 

I 

Intact 

38/47 

(80.9%) 

3/47 

(6.4%) 

4/47 

(8.5%) 

2/47  (4.3%) 

II  A 

OVX  control  capsule 

0/1 

0/1 

0/1 

1/1 

II  B 

OVX  30mg  P 

0 

0 

0 

0 

III  A 

OVX  20ug  E 

0 

0 

0 

0 

III  B 

OVX  20ug  E+30mg  P 

2/2 

0/2 

0/2 

0/2 

IV  A 

EGF  control  capsule 

0/1 

1/1 

0/1 

0/1 

IV  B 

EGF  30mg  P 

0 

0 

0 

0 

VA 

EGF  20ug  E 

0/1 

0/1 

1/1 

0/1 

VB 

EGF  20ug+30mg  P 

4/7 

2/7 

0/7 

1/7 

VIA 

IGF-1  control  capsule 

0/1 

1/1 

0/1 

0/1 

VI  B 

IGF-1  30mg  P 

0/3 

0/3 

0/3 

3/3 

VII  A 

IGF-1  20ug  E 

4/5 

1/5 

0/5 

1/5 

VII  B 

IGF-1  20ug+30mgP 

1/1 

0/1 

0/1 

0/1 

The  incidence  of  mammary  tumors  positive  for  both  Er  and  Pr  was  high  in  the  intact  rats. 

It  was  difficult  to  detennine  the  effect  of  growth  factors  on  the  Er  or  Pr  incidence  because 

of  the  low  number  of  mammary  tumors  induced. 

Key  Research  Accomplishments 

•  Demonstrated  that  a  single  infusion  of  growth  factors  or  mammogenic  hormones 
infused  through  the  nipple  of  the  mammary  gland  results  in  rapid  proliferation  of  the 
mammary  epithelium  within  72  hours  in  intact  rats  (Table  1). 

•  Demonstrated  that  a  single  infusion  of  EGF,  FGF,  or  IGF-1  into  ovariectomized  rats 
results  in  the  rapid  proliferation  of  ducts  and  lobules  (Table  2). 

•  Infusion  of  IGF-1  but  not  EGF  or  FGF  into  ovariectomized  rats  results  in  the  induction 
of  intraductal  proliferations  (Table  2). 

•  Demonstrated  that  the  growth  factor  IGF-1  is  capable  of  supporting  mammary 
neoplastic  transfonnation  in  ovariectomized  rats  (Table  3). 

•  We  found  that  ovariectomized  rats  treated  with  growth  factors  at  the  time  of  carcinogen 
administration  produce  a  higher  percent  honnone  independent  mammary  cancers  but 
the  overall  incidence  of  mammary  cancer  induced  was  low  (Table  4). 
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Reportable  Outcomes 

None 

Conclusions 

Taken  together,  these  results  indicate  that  1)  proliferation  of  the  mammary  epithelium  can 
be  induced  quickly  by  intraductal  infusion  of  mammogenic  hormones  and  growth  factors. 
2)  The  pattern  of  proliferation  varies  with  the  honnone  or  growth  factor  used.  Interestingly, 
intraductal  proliferations  could  only  be  induced  by  the  infusion  of  growth  factors  into  the 
ducts  but  not  by  infusion  of  hormones  into  ducts.  Intraductal  proliferations  are  only  seen 
in  the  nonnal  mammary  gland  in  end  buds.  Intraductal  proliferations  are  observed 
following  the  administration  of  carcinogen  and  are  thought  to  be  the  primary  carcinogenic 
lesion.  3)  The  induced  proliferations  can  be  neoplastically  transformed  with  a  chemical 
carcinogen.  These  findings  suggest  that  it  should  be  feasible  to  induce  proliferation  of  the 
mammary  epithelium  with  different  agents  and  neoplastically  transfonn  them  resulting  in 
lesions  with  different  morphologies  and  different  phenotypes  and  genotypes.  However,  it 
might  be  more  productive  to  develop  means  for  a  more  efficient  neoplastic  transformation 
by  determining  the  optimal  time  of  proliferation  following  treatment  with  growth  factors 
and  once  that  is  established  to  transplant  the  mammary  epithelial  cells  within  a  short  time 
after  treatment  with  carcinogen  and  select  outgrowths  of  the  treated  cells  that  actively 
proliferate  and  give  rise  to  lesions  of  differing  phenotypes 
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